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© Directional boring head with deflection shoe. 



© A boring apparatus (10) is disclosed which in- 
cludes a casing (16) mounting a drill bit (42) and a 
deflection shoe (22). The cutting circle of the drill bit 
is offset from the centerline axis (18) of the casing 
(16). At least a portion of the deflection shoe (22) 
lies outside the cutting circle of the drill bit so that 
the deflection shoe causes the boring apparatus to 
deflect as the borehole is drilled. Rotation of the 
casing 16 a predetermined distance will cause the 



boring apparatus to change the direction of deflec- 
tion. A continuous rotation of the casing will permit 
the boring apparatus to bore straight ahead. The drill 
stem (32, 68, 74) rotating the drill bit can be moun- 
ted concentric with the centerline axis of the casing 
and offset therefrom, at an angle relative to the 
centerline axis and can be sufficiently flexible to be 
curved to accommodate the signal beacon housing. 



CM 
< 

CO 



CO 



UJ 




RNSDOC1D: <EP 067 4093 A 2 I > 



Rank Xerox (UK) Business Services 

(3- 10/309/3. 3.41 



1 



EP 0 674 093 A2 



2 



TECHNICAL FIELD OF THE INVENTION 

This invention relates to a device for horizontal 
boring, and in particular for boring through rock, 
with directional control. 5 

BACKGROUND OF THE INVENTION 

Trenchless boring has become a preferred 
technique for drilling boreholes for installation of io 
utility, telephone, gas, and other lines underground. 
In early devices, there was no practical way to 
steer the boring device as it bore underground. 
However, devices have been developed which per- 
mit steering to correct the course of the borehole 15 
and provide better control of the exit point of the 
borehole. However, there is an ongoing need for 
improved boring devices which have better and 
simpler steering control functions. 

20 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present 
invention, an apparatus is provided for boring a 
hole with directional control. The apparatus in- 25 
eludes a body having an elongate axis and a front 
end. A drill bit is mounted at the front end of the 
body for rotary motion about a drill bit axis. A 
deflection shoe is mounted on a first side of the 
body. Rotating structure is used to rotate the drill 30 
bit continuously to bore the hole. Deflection control 
structure is used to selectively rotate the body 
independent of the drill bit to position the deflection 
shoe to deflect the apparatus within the bore to 
provide steering of the apparatus as the bore is 35 
formed. 

In accordance with another aspect of the 
present invention, the drill bit axis can be parallel 
the elongate axis of the body and offset therefrom. 
Alternatively, the drill bit axis can be at an angle 40 
relative to the elongate axis of the body and a drill 
bit rotating shaft either mounted for rotation within 
the body at an angle or flexible. 

In accordance with another aspect of the 
present invention, the drill bit can be a three-cone 45 
rotary bit, a drag bit or a multiple wing bit. A signal 
beacon can be mounted in the body, either on the 
first side of the body with the deflection shoe to 
assist the deflection shoe in deflecting the appara- 
tus or opposite the deflection shoe. 50 

In accordance with another aspect of the 
present invention, the deflection control structure is 
mounted within the body and includes a first dog 
fixed to the drill string and a second dog mounted 
in the body. The drill string is movable along its 55 
axis from a first position with the dogs disengaged 
to a second position engaging the dogs to rotate 
the body with the drill string to position the deflec- 



tion shoe to deflect the apparatus within the bore. 
The body may also be rotated independent of the 
drill bit when the rotating structure (casing, conduit 
or wash-over pipe) is attached to the body and 
used as the rotator. 

In accordance with another aspect of the 
present invention, the deflection control structure is 
mounted externally of the body and includes a first 
dog fixed to the drill bit and a second dog mounted 
on the body and forming the deflection shoe. The 
drill string being movable along its axis from a first 
position with the dogs disengaged to a second 
position engaging the dogs to rotate the body with 
the drill string to position the deflection shoe to 
deflect the apparatus within the bore. The body 
may also be rotated independent of the drill bit 
when the rotating structure (casing, conduit or 
wash-over pipe) is attached to the body and used 
as the rotator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the 
present invention and for further advantages there- 
of, reference is now made to the following descrip- 
tion of the preferred embodiment, taken in conjunc- 
tion with the accompanying drawings, in which: 
FIG. 1 is a side view in cross-section of a boring 
apparatus forming a first* embodiment of the 
present invention; 

FIG. 2 is a cross-sectional view of the boring 
apparatus of FIG. 1 taken along line 2-2 in FIG. 
1; 

FIG. 3 is a side view in cross-section of a 
modified boring apparatus; 
FIG. 4 is a cross-sectional view taken along lines 
4-4 in FIG. 3; 

FIG. 5 is a side view in cross-section of a 
second modified boring apparatus; 
FIG. 6 is a cross-sectional view along line 6-6 in 
FIG. 5; 

FIG. 7 is a side view in cross-section of a third 
modified boring apparatus; ~ 
FIG. 8 is a cross-sectional view along line 8-8 of 
FIG. 7; 

FIG. 9 is a side view in cross-section of an 
internal direction change mechanism used in the 
boring apparatus; 

FIG. 10 is a cross-sectional view of the direction 
change mechanism along line 10-10 in FIG. 9; 
FIG. 1 1 is a cross-sectional view of the direction 
change mechanism along line 11-11 in FIG. 9; 
FIG. 12 is a cross-sectional view of the direction 
change mechanism along line 12-12 in FIG. 9; 
FIG. 13 is a side view in cross-section of an 
external direction change mechanism used in 
the boring apparatus; 
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FIG. 14 is a cross-sectional view of the direction 
change mechanism along a line 14-14 in FIG. 
13; and 

FIG. 15 is a cross-seclional view of the direction 
change mechanism along a line 15-15 in FIG. 
13. 

DETAILED DESCRIPTION 

With reference now to FIGs. 1 and 2, a first 
embodiment of the present invention is illustrated 
and formed by boring apparatus 10. The boring 
apparatus 10 is used to bore a borehole 12 through 
ground 14 with directional control of the borehole. 

The apparatus includes a casing 16 having a 
centerline axis 18. The casing 16 is at the head of 
a series of casing segments (not shown) which 
extend back to the entry point for the borehole. 

Mounted near the front end 20 of the casing 1 6 
is a removable deflection shoe 22. The deflection 
shoe is bolted to the front end 20 of the casing 16 
by a series of threaded bolts 24 which permit 
replacement of the deflection shoe 22, when worn, 
or the installation of a deflection shoe of different 
configuration for a particular boring operation. Im- 
mediately behind the position of the deflection 
shoe 22 is a housing 26 formed to contain an 
electronic beacon 28 or other tracking technol- 
ogies. The housing includes an electrically trans- 
parent cover 30 which permits the signal generated 
by beacon 28 to be radiated outwardly from the 
casing for detection at the surface. 

A drill stem 32 is mounted for rotation within 
the casing 16 by a forward bearing 34 and rear- 
ward bearing 36. The bearing supports the drill 
stem so that the drill stem axis of rotation 38 is 
parallel to, but spaced from .the axis 18 of the 
casing. Preferably, the drill stem axis 38 is spaced 
from the centerline axis 18 on the side opposite of 
the deflection shoe 22. 

A drill bit base 40 is mounted on the threaded 
forward end of the drill stem 32 which extends 
outwardly from the first end of the casing. A drill bit 
42 is threadedly received in the base 40 such that 
it forms the most forward extending portion of the 
boring apparatus. The drill bit 42 has three rotary 
cutting cones 44 with cutting elements 46 thereon 
or other styles of bits such as a drag bit and a 
multiple wing bit. 

In boring, the rearward end of the drill stem 32 
is connected to drill pipe or rod extending to the 
surface. At the surface, a rotary mechanism rotates 
the drill stem and thereby the drill bit 42. As the 
boring apparatus 10 is pushed forward, the drill bit 
42 will cut into the exposed face of borehole 12, 
boring further into the ground. Without rotation of 
the casing 16 about its centerline axis 18, the 
presence of the deflection shoe 22, and to a lessor 



extent, the bulge caused by the casing 16, will 
cause the apparatus to deflect from a linear path in 
a direction opposite the position of the deflection 
shoe. Without casing rotation, this deflection will be 

5 relatively constant and the boring apparatus 10 will 
therefor drill a constant radius arcuate bore be- 
tween the entry point and exit point. However, the 
casing can be rotated about its centerline axis 18 
to either change the direction of motion of the 

io apparatus or to allow the apparatus to move for- 
ward in a straight line. To move forward in a 
straight line, the casing will preferably be rotated at 
a constant angular velocity, usually significantly- 
less than the angular velocity of the drill bit 42 

is cutting the bore. To simply deflect the apparatus in 
a different direction, the casing need only be rotat- 
ed a certain number of degrees about the center- 
line axis 18 to position the deflection shoe 22 
opposite the direction in which the apparatus is to 

20 be moved. The deflection shoe will thereafter move 
the apparatus in the desired direction as the ap- 
paratus is moved further forward within the bore. 

As can best be seen in FIG. 2, the cutting 
circle 43 of the drill bit 42 is offset from the 

25 centerline axis 18 of the casing by the amount of 
offset predetermined by the mounting of the drill 
stem 32. At least a portion of the deflection shoe 
22 will lie outside the cutting circle 43 of the drill 
bit, as will generally a portion of the housing 26, to 

30 provide the necessary force to deflect the boring 
apparatus. 

If desired, the drill stem 32 can be hollow for 
flow of pressurized fluid into the base 40 and into a 
passage 48 within the drill bit 42 to cool, lubricate 

35 and wash the cutting cones 44 to enhance the 
boring operation. 

With reference now to FIGs. 3 and 4, a boring 
apparatus 50 forming a first modification of the 
boring apparatus 10 is illustrated. A number of 

40 elements are identical with boring apparatus 10 
and are identified with the same reference numeral. 
However, the boring apparatus 50 includes a for- 
ward bearing 52 and a rearward bearing 54 which 
are positioned within the casing so that the drill 

45 stem axis 38 is at an angle a relative to the 
centerline axis 18 of the casing 16. The angle is 
such that the cutting circle of the drill bit 42 is 
again non-concentric with the cross-section of the 
casing 16 extending beyond the circumference of 

50 the casing in the direction opposite of the deflec- 
tion shoe. As will be understood, the drill pipe or 
rod connecting to the drill stem 32 has sufficient 
flexibility so that it will bend enough to stay within 
the interior volume of the casing back to the sur- 

55 fac . 

With reference to FIGS 5 and 6, a second 
modification of the present invention is illustrated 
as boring apparatus 60. Again, many elements of 
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boring apparatus 60 are identical to boring appara- 
tus 10 and are identified by the same reference 
numerals. 

Boring apparatus 60, however, has a housing 
62 for containing the signal beacon 28 on the side 
opposite of the deflection shoe 22. Furthermore, 
the forward bearing 64 and rearward bearing 66 
support the drill stem 68 at approximately equal, 
but opposite angles relative to the centerline axis 
18 of the casing 16. The drill stem 68 is, itself, a 
flexible shaft which can deflect somewhat about its 
elongate direction while carrying torque adequate 
to rotate the drill bit 42. The position of the bearing 
64 and 66 create an arcuate curvature in the drill 
stem which is designed to provide a clearance 
between the drill stem and the housing 62. 

As the boring apparatus described herein are 
typically used to create an arcuate borehole that is 
concave relative to the surface, the beacon in bor- 
ing apparatus 60 will typically be at the upper part 
of the apparatus closest to the surface. This per- 
mits a somewhat greater signal strength to be 
received at the surf ace. because the boring appara- 
tus does not interfere with the beacon's signal. 

With reference now to FIGs. 7 and 8, a third 
modification of the present invention is illustrated 
as boring apparatus 70. In apparatus 70, the for- 
ward bearing 72 is offset from the centerline axis 
18 of the casing 16 and permits the drill stem 74 to 
rotate about an axis at an angle relate to the 
centerline axis 18. However, the rearward bearing 
76 is positioned concentric with and in alignment 
with the centerline axis 18. The drill stem 74, as 
drill stem 68, is flexible in the elongate direction 
sufficient to accommodate the change in axis of 
rotation of the drill stem between the forward and 
rearward bearing. 

With reference now to FIGs. 9-12, a direction 
change mechanism 80 for use in the present inven- 
tion will be described. The mechanism includes an 
intermediate casing 82 which is threaded to the 
casing 16 at one end and to the remainder of the 
casing extending to the surface at the other end. 
Rigidly mounted within the intermediate casing 82 
is a bearing 84 and a fixed dog 86. A shaft 88 
having a square cross-section is received in the 
bearing 84 for rotation about the centerline axis 18 
but is permitted through bearing 84 to move back 
and forth a limited distance along the centerline 
axis. The rearward end of the shaft 88 is threaded 
to a rotating drive shaft 90 which extends, usually 
with multiple segments, back to the surface where 
it is attached to a rotating device to rotate the drill 
bit 42 for boring. A hex shaft 92 is threaded at the 
forward end of the shaft 88 and also mounts a 
rotating dog 94. A centering shaft 96 extends for- 
ward from the hex shaft 92. 
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A collar 98 has a hexagonal section . 100 which 
receives the hex shaft 92 and a centering section 
102 which receives the centering shaft 96. The drill 
stem 32, 68 or 74 of any of the boring apparatus 
s can be threaded to the collar 98 as shown. 

The configuration of the collar 98 and hex shaft 
92 permit a continuous rotation force to be trans- 
mitted between the hex shaft 92 to the collar 98 
while the hex shaft 92 moves a limited distance 
w along the centerline axis 18 relative to the collar 98. 

In FIG. 9 the hex shaft 92 is shown in the 
position closest to the drill bit permitted by the 
components. In this position, the rotating dog 94 is 
separate from the fixed dog 86. Therefore, rotation 
75 of the shaft 88 will be transferred through the 
direction change mechanism to the drill stem and 
drill bit to provide boring action without rotation of 
the casing 16 about the-centerline axis 18. How- 
ever, if the shaft is pulled away from the drill bit, in 
20 the direction to the right in FIG. 9, the rotating dog 
94 will engage the fixed dog 86. When engaged, 
rotation of the shaft 88 will not only rotate the drill 
bit. but also the casing 16. Therefore, when so 
engaged, the boring apparatus will move forward in 
25 a straight line without curvature. However, the en- 
gagement can be only for a sufficient a rotation as 
is required to reposition the deflection shoe at the 
position opposite the direction the boring apparatus 
is to be moved and then disengaged to again 
30 initiate constant rotation of the drill bit to begin 
boring in the new direction. 

With reference now to FIGS. 13-15, another 
modification of the present invention is illustrated 
as boring apparatus 110. A number of the elements 
35 of boring apparatus 110 are identical to the pre- 
vious examples and are identified by the same 
reference numerals. However, boring apparatus 
110 can be seen to use a drill bit 112 which is a 
multiple blade drag bit or wing bit with individual 
40 wings 113 having cutting elements 115 on the 
exposed end of each wing 113. The cutting ele- 
ments are capable of cutting rock and can include 
a carbide coating or diamond coating. Drill bit 112 
has an integral first dog 114 extending rearward 
45 therefrom external the casing 116 of the boring 
apparatus. The drill bit 112 is mounted on a slida- 
ble segment 118 which is mounted in forward 
bearing 120 and rearward bearing 122 for rotational 
motion about axis 124 and limited linear motion 
so along the axis 124 from an extended position, as 
seen in Fig. 13, to a retracted position. In the 
retracted position, the first dog 114 interferes with 
deflection shoe 22, a portion of which forms a 
second dog 126. 
55 When the boring apparatus 110 is to bore 

without rotation of the casing 116, the drill stem 32 
threaded into the rear end of the segment 118 
moves the segment to the extended position, seen 

4 



7 



EP 0 674 093 A2 



8 



in FIG. 13, where the drill bit 112 is free to rotate 
about the axis 124 without the first dog tl4 inter- 
fering with or contacting the second dog 126. How- 
ever, if the casing is to be rotated, the drill stem 32 
is moved rearward to move the segment 118 to a s 
position where rotation of the drill bit will cause the 
first dog 114 to contact the second dog 126.. 
Thereafter, rotation of the drill bit will simultaneous- 
ly cause rotation of the casing 116 in the particular 
direction the drill bit motion is established. The io 
direction and degree of motion of the casing 116 
can be controlled from the surface by controlling 
rotation of the drill bit 112 to steer the boring 
apparatus 110 in the desired direction. 

Although the present invention has been de- 15 
scribed with respect to specific preferred embodi- 
ments thereof, various changes and modifications . 
may be suggested to one skilled in the art, and it is 
intended that the present invention encompass 
such changes and modifications as fall within the 20 
scope of the appended claims. 

Claims 

1. An apparatus for boring a hole with a direc- 25 
tional control comprising: 

a body (16) having an elongate axis (18) 
and a front end (20); 

a drill bit (42) mounted at the front end of 
the body for rotary motion about a drill bit axis; 30 

a deflection shoe (22) mounted on a first 
side of the body; 

rotating structure (32, 68,74) to rotate the 
drill bit continuously to bore the hole; 

deflection control structure to selectively 35 
rotate the body independent of the drill bit (42) 
to position the deflection shoe (22) to deflect 
the apparatus within the bore. 

2. The apparatus of Claim 1 wherein the drill bit 40 
axis is parallel the elongate axis (18) of the 
body. 

3. The apparatus of Claim 2 wherein the drill bit 

axis is offset from the elongate axis (18). 45 

4. The apparatus of Claim 1 wherein the drill bit 
axis is at an angle relative to the elongate axis 
(18) of the body. 

so 

5. The apparatus of Claim 4 wherein the appara- 
tus includes a drill bit rotating shaft rotatably 
mounted within the body. 

6. The apparatus of Claim 5 wherein the drill bit 55 
rotating shaft is flexible. 



7. Hie apparatus of Claim 5 wherein the drill bit 
rotating shaft is mounted within the body at an 
angle relative to the elongate axis of the body. 

8. The apparatus of Claim 1 wherein a signal 
beacon is mounted in the body. 

9. The apparatus of Claim 1 wherein the deflec- 
tion control structure (80) is mounted within the 
body (16) and includes a first dog (86) fixed on 
the body and a second dog (94) mounted on 
the rotating structure for rotating the drill bit 
(42), the rotating structure being movable 
along its axis from a first position with the dogs 
disengaged to a second position engaging the 
dogs to rotate the body to position the deflec- 
tion shoe to deflect the apparatus within the 
bore. 

10. The apparatus of Claim 1 wherein the deflec- 
tion control structure is mounted externally of 
the body and includes a first dog (114) fixed to 
the drill bit (112) and a second dog (126) 
mounted on the body and forming the deflec- 
tion shoe, the drill bit being movable along its 
axis (124) from a first position with the dogs 
disengaged to a second position engaging the 
dogs to rotate the body with the drill string to 
position the deflection shoe to deflect the ap- 
paratus within the bore. 

11. The apparatus of Claim 9 or 10 and further 
comprising structure to rotate the- body in- 
dependent of the drill bit. 
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(54) Directional boring head with deflection shoe 

(57) A boring apparatus (10) is disclosed which 
includes a casing (16) mounting a drill bit (42) and a 
deflection shoe (22). The cutting circle of the drill bit is 
offset from the centerline axis (18) of the casing (16). At 
least a portion of the deflection shoe (22) lies outside 
the cutting circle of the drill bit so that the deflection 
shoe causes the boring apparatus to deflect as the 
borehole is drilled. Rotation of the casing 16a predeter- 
mined distance will cause the boring apparatus to 



change the direction of deflection A continuous rotation 
of the casing will permit the boring apparatus to bore 
straight ahead. The drill stem (32, 68, 74) rotating the 
drill bit can be mounted concentric with the centerline 
axis of the casing and offset therefrom, at an angle rel- 
ative to the centerline axis and can be sufficiently flexi- 
ble to be curved to accommodate the signal beacon 
housing. 
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